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1: Schematic representation of afluid film bounded by awall and air.
.
. 1 , $z$ . $\rho$ ,
$\eta$ $h_{0}$ . $j$] $g=gz$ ,
$\gamma$ .
, . $r=(x, y)$ : $h(r, t)=h_{0}+\zeta(\mathrm{r}, t)$





$\nabla\cdot u+\frac{\partial w}{\partial z}=0$ , (1)
85
$\rho \mathrm{t}\frac{\partial u}{\partial t}+$ ($u$ . $w \frac{\partial}{\partial z}$) $\tau\iota\}=-\nabla p+\eta\nabla^{2}u$ , (2)
(3)$\rho\{\frac{\partial w}{\partial t}+$ ($u$ . $w \frac{\partial}{\partial z}$) $w\}=-\nabla p+\eta\nabla^{2}w+\rho g$ .
, $(u, w),$ $u=(u, v),$ $\nabla=(\partial/\partial x, \partial/\partial y)$ ,
. , $\rho$ , $p$ , $g$ .
. $z=0$ , ,
$u(x, y, 0, t)=0$ , $w(x, y, 0, t)=0$ (4)
. $z=h(r, t)$ ,
$\eta\frac{\partial u}{\partial z}=0$ (5)
$\ovalbox{\tt\small REJECT}-p=\gamma\nabla\cdot(\frac{\nabla h}{\sqrt{1+(\nabla h}})$ (6)
. , $P_{a}$ . , ,
$\frac{\partial h}{\partial t}+u\cdot\nabla h=w$ (7)
. , ($x,$ $y$ )
, .
2.2
( ) ($h0\ll\lambda_{M}$ , $h_{0}$
, $\lambda_{M}$ ) . (1) , $w$





$\frac{\partial\zeta}{\partial t}+\frac{1}{3\eta}\nabla\cdot[(h_{0}+\zeta)^{3}\nabla(\rho g\zeta+\gamma\nabla^{2}\zeta)]=0$ . (8)
, $h=h_{0}+\zeta(r,t)$ . $\zeta(r, t)$ , (8) 2
. , $\zeta$
( ), $\zeta$ .






$B= \frac{\rho gh_{0}^{2}}{\gamma}$ . (10)
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1 . , $A,$ $\zeta 0=\alpha/B$ .
, $\zeta 0--0$ . $\zeta$ , ( )







, $A,$ $\zeta_{0}=\alpha/B$ . $r=r_{\min}=\sqrt{B}r_{1}$ ,
$AJ_{0}(r_{\min})+(0>-1$ . , 2
, $0<r<r_{m1n}$.
. , ,
$2 \pi\int\zeta rdr=2\pi r_{\min}^{2}\zeta 0$ (18)
$A$ . , $\zeta_{0}$ $A$
.
4 (1 )
4 . Fermigier et al.[3]
. $\lambda_{M}=2\pi h_{0}/k_{m}\approx 13.2\mathrm{m}\mathrm{m}$ , $h_{0}/\lambda_{M}\approx 0.0152$ ,
.
$\frac{\mathrm{p}\mathrm{a}\mathrm{r}\mathrm{a}\mathrm{m}\mathrm{e}\mathrm{t}\mathrm{e}\mathrm{r}\mathrm{n}\mathrm{u}\mathrm{m}\mathrm{e}\mathrm{r}\mathrm{i}\mathrm{c}\mathrm{a}1\mathrm{d}\mathrm{u}\mathrm{e}\mathrm{d}\mathrm{i}\mathrm{m}\mathrm{e}\mathrm{n}\mathrm{s}\mathrm{i}\mathrm{o}\mathrm{n}}{\mathrm{t}\mathrm{y}\mathrm{p}\mathrm{i}\mathrm{c}\mathrm{a}1\mathrm{t}\mathrm{h}\mathrm{i}\mathrm{c}\mathrm{k}\mathrm{n}\mathrm{e}\mathrm{s}\mathrm{s}h_{0}0.0002m}$
visicosity $\eta$ 10 $kg/m\cdot s$
density $\rho$ 970 $kg/m^{3}$
kinematic viscosity $\nu$ 0001031 $m^{2}/s$
surface tension $\gamma$ 0021 $N/m$
1: Definitions and values of parameters.
, ,
4 . , h
$\zeta=(-1.0+10^{-4})h_{0}$ ( 0 )
, .
$2(\mathrm{a})$ 1
, $T\approx 2.1\cross 10^{5}$ . 2
, $\zeta=-1$ . ,
2 .




$10^{-2}$ 1000 1 ) ( $2(\mathrm{b})$ ).
3 .
, $3(\mathrm{b})$ $2(\mathrm{a})$ .
$0<x<60$ $x=1\mathrm{O}\mathrm{O}$ ,
, $\zeta_{t}\neq 0$ . , .
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Hammond[10], Yiantsios and Higgins[ll] Oron and Rosenau[12]





2: Time-evolution of the thin-fluid surfice. Initial condition is asinusoidal curve with





3: (a) Time-evolution of the minimum amplitude. Initial condition is the same as in




. , $(\mathrm{i})1$ (
) , $(\mathrm{i}\mathrm{i})1$ (1 ), (iii)
( ), (iv) 2 ( )
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4: Time-evolution of the maximum amplitude up to the rupture. $B=0.0181$ , Grid





5: Time-evolution of the minimum amplitude up to the rupture. $B=0.0181$ , Grid
number is $128\cross 128,$ $L=8$ .
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6\sim 10 .
, , 6 , 1
, ( ) 1





, $(T=1.41\cross 10^{5})$ ,
.
, 6 $(T=1.57\cross 10^{5})$ .
3 . $T=1.41\cross 10^{5}$ 2
. $T=1.49\cross 10^{5}$
$T=1.57\cross 10^{5}$ ,
( 523, 7.21). $T=1.80\cross 10^{5}$
, .






























, 6 . , $T=1.35\cross 10^{5}$
.
.
, , , $\overline{k}/k_{M}=1\mathrm{J}5$ , ,
$\overline{k}/k_{M}=1.13$ , , $\overline{k}/k_{M}=1.12$ , , $\overline{k}/k_{M}=1.10$ ,
$\overline{k}/k_{M}=1\mathrm{J}4$ .
. ,
, , $(\lambda_{p}/\lambda_{M})_{\mathrm{c}al}\approx 1.20$ , Fermigier et $al$
, $(\lambda_{p}/\lambda_{M})_{exp}\approx 1.19$ .
. .
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6: Time-evolution of the thin-f $\mathrm{u}\mathrm{i}\mathrm{d}$ surface. Initi dition is asinusoidal curve
with the wavennumber $\sqrt{B}/2$ .
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9: Time-evolution of the thin-fluid surface. (d) Initial condition is normal crossed
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. . , $0<r<r_{\min}$
0 . , $B\zeta+\Delta\zeta$
. ,
.
12: Comparison between an axisymmetric peak and the steady solution. (a) x-
direction, $nx=5,$ $ny=3,$ $\zeta_{0}=1.262$ . $(\mathrm{b})y$-direction, $nx=5,$ $ny=5,$ $\zeta_{0}=1.465$ .
531
, ,
. 13 , (i) , (ii) ,
, ( (17))
, $A$ $\zeta 0$ .
.
.













13: $\mathrm{T}\mathrm{i}\mathrm{m}\triangleright \mathrm{e}\mathrm{v}\mathrm{o}\mathrm{l}\mathrm{u}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}$ of averaged values of $A$ and $\zeta_{0}$ .













, Fermigier et $al\{1992$) ,
0 $V_{c}$ .
$V_{c}=19 \lambda_{c}^{3}=19(\frac{\gamma}{\rho g})^{3/2}$ . (19)
, , $\lambda_{c}=1.49$ mm , $V_{c}=62.85\mathrm{m}\mathrm{m}=$
7856 $.25d^{3}\mathrm{m}\mathrm{m}$ . , ,
$V=(_{0} \pi(\frac{3.8}{\sqrt{B}})^{2}d^{3}\mathrm{m}\mathrm{m},$ (20)
. , $B=0.018$ , $V=2518$$.4\zeta_{0}d^{3}\mathrm{m}\mathrm{m}$ . ,
, $\zeta_{0c}=3.12$ .














































14: Stability of the steady axisymmetric solution. (a) the steady solution, (b) added
by disturbances and(c)return to the initial steady solution.
, ,
, . 15 $A=2.13$
, . $A=0.5\sim 2.3$
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$(T=1.214\cross 10^{5})$ . $\text{ }$ ,
, $(T=1.241\cross 10^{5})$ .
, ,
. ,
$(T=1.324\cross 10^{5})$ . ,
. ,
$(T=1.462\cross 10^{5})$ . L , ,










$T=1.076\cross 10^{5}$ $T=1159$ $\cross 10^{5}$
$T=1.214\cross 10^{5}$ $T=1.241\cross 10^{5}$
$T=1.324\cross 10^{5}$ $T=1.379\cross 10^{5}$
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$T=1.435\cross 10^{5}$ $T=1.462\cross 10^{5}$
$T=1.490\cross 10^{5}$ $T=1.572\cross 10^{5}$
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